In this contribution to the proceedings, we present our recent analysis on the chiral symmetry restoration in the generalized hidden local symmetry (GHLS) which incorporates the rho meson, A 1 meson and the pion consistently with the chiral symmetry of QCD. It is shown that a set of parameter relations, which ensures the first and second Weinberg sum rules, is invariant under the renormalization group evolution. Then, it is found that the Weinberg sum rules together with the matching of the vector and axial-vector current correlators to the OPE inevitably leads to the dropping masses of both rho and A 1 mesons at the symmetry restoration point, and that the mass ratio flows into one of three fixed points.
Introduction
Changes of the hadron masses are indications of the chiral symmetry restoration occurring in hot and/or dense QCD.
2 Dropping masses of hadrons following the Brown-Rho (BR) scaling 3 can be one of the most prominent candidates of the strong signal of the melting quark condensatewhich is the order parameter of the spontaneous chiral symmetry breaking.
The vector manifestation (VM) 4 is the Wigner realization in which the ρ meson becomes massless degenerate with the pion at the chiral phase transition point. The VM is formulated [5] [6] [7] in the effective field theory (EFT) based on the hidden local symmetry (HLS). 8, 9 The VM gives a theoretical description of the dropping ρ mass, which is protected by the existence of the fixed point (VM fixed point).
The dropping mass is supported by the enhancement of dielectron mass spectra below the ρ/ω resonance observed at CERN SPS, 10,11 the mass shift of the ω meson in nuclei measured by the KEK-PS E325 Experiment, 12 the CBELSA/TAPS Collaboration 13 and also that of the ρ meson observed in the STAR experiment.
14 Recently NA60 Collaboration has provided data for the dimuon spectrum 15 and it seems difficult to explain the data by a naive dropping ρ. 16 However, there are still several ambiguities which were not considered. [17] [18] [19] Especially, the strong violation of the vector dominance (VD), which is one of the significant predictions of the VM, 20 plays an important role 17, 21 to explain the data. In the VM, it was assumed that the axial-vector and scalar mesons are decoupled from the theory near the phase transition point. However, the masses of these mesons may decrease following the BR scaling.
22 There were several analyses with models including axial-vector mesons such as in Ref. 23 . These analyses are not based on the fixed point structure and found no significant reduction of the masses of axial-vector meson. Then, it is desirable to construct an EFT which includes the axial-vector meson as a dynamical degree of freedom, and to study whether a fixed point structure exists and it can realize the light axial-vector meson.
In Ref. 1, we picked up the model based on the generalized hidden local symmetry (GHLS), 9, [24] [25] [26] and developed the chiral perturbation theory (ChPT) with GHLS. We showed that a set of the parameter relations, which satisfies the pole saturated forms of the first and second Weinberg sum rules, is stable against the renormalization group evolution. Then, we found that the Weinberg sum rules together with the matching to the operator product expansion necessarily leads to the dropping masses of both vector and axial-vector mesons. Interestingly, the ratio of masses of vector and axial-vector mesons as well as the mixing between the pseudoscalar and axial-vector mesons flows into one of three fixed points: They exhibit the VM-like, Ginzburg-Landau-like and Hybrid-like patterns of the chiral symmetry restoration.
In the following, we briefly summarize the work done in Ref. 1.
Generalized Hidden Local Symmetry
The Lagrangian of the generalized hidden local symmetry (GHLS) 9, 24, 25 is based on the G global × G local symmetry, where
local is the GHLS. The whole symmetry G global × G local is spontaneously broken to a diagonal SU (N f ) V . The basic quantities are the GHLS gauge bosons L µ and R µ , which are identified with the vector and axialvector mesons as
, and three matrix valued variables ξ L , ξ R and ξ M , which are introduced as U = ξ † L ξ M ξ R . Here N f × N f special-unitary matrix U is a basic ingredient of the chiral perturbation theory (ChPT).
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The fundamental objects are the Maurer-Cartan 1-forms defined bŷ
where the covariant derivatives of ξ L,R,M are given by
with L µ and R µ being the external gauge fields introduced by gauging G global . There are four independent terms with the lowest derivatives:
where F is the parameter carrying the mass dimension 1 andα
The kinetic term of the gauge bosons is given by
where g is the GHLS gauge coupling and the field strengths are defined by
By combining the above terms, the GHLS Lagrangian is given by
where a, b, c and d are dimensionless parameters. From this we find the following expressions for the masses of vector and axial-vector mesons M ρ,A1 , the ρ-γ mixing strength g ρ and strength of the coupling of the A 1 meson to the axial-vector current g A1 :
Weinberg's Sum Rules
Let us start with the axial-vector and vector current correlators defined by
where Q 2 = −q 2 is the space-like momentum, J 
where the A 1 and ρ decay constants are defined by
The same correlators can be evaluated by the OPE, 28 which shows that the difference between two correlators scales as 1/Q 6 :
We require that the high energy behavior of the difference between two correlators in the GHLS agrees with that in the OPE:
6 . This requirement can be satisfied only if the following relations are satisfied:
which are nothing but the pole saturated forms of the Weinberg first and second sum rules. 29 In terms of the parameters of the GHLS Lagrangian, the above relations can be satisfied if we take
In Ref. 1, we calculated the RGEs for the parameters a, b, c, d and the gauge coupling g. It was shown that the parameter relations a = b and d = 0 are stable against the renormalization group evolution, i.e., the non-renormalization of the Weinberg sum rules expressed in terms of the leading order parameters in the GHLS.
Chiral Symmetry Restoration
The maching condition together with the Weinberg sum rules (11) in the high-energy region is obtained as
which is a measure of the spontaneous chiral symmetry breaking. When the chiral restoration point is approached, the quark condensate approaches zero:→ 0. Then, the parameters of the GHLS Lagrangian scales as a 2 · c · g 4 ∝2 → 0 near the chiral symmetry restoration point. Since a = 0 and c = 0 are unstable against the RGEs and g = 0 is a fixed point, the symmetry restoration in the GHLS can be realized only if
This implies the massless ρ and A 1 mesons, since both masses are proportional to the gauge coupling g. Thus we conclude that, when we require the first and second Weinberg sum rules to be satisfied, the chiral symmetry restoration in the GHLS required through the matching to QCD can be realized with masses of ρ and A 1 mesons vanishing at the restoration point:
To study the phase structure of the GHLS through the RGEs for a, c and g, it is convenient to introduce the following dimensionless parameters associated with a, c and g:
. (16) The phase of the GHLS is determined by the on-shell pion decay constant The flow diagram shown in Fig. 1 has three fixed points:
From this we can distinguish three patterns of the chiral symmetry restoration characterized by three fixed points by the values of the ratio of ρ and A 1 meson masses expressed by ζ as in Eq. (16) as follows: At the fixed point "GL-type", ζ goes to 1, which implies that the ρ meson mass degenerates into the A 1 meson mass. At the fixed point "VM-type", on the other hand, the ρ meson becomes massless faster than the A 1 meson since ζ goes to zero. The fixed point "Hybrid-type" is the ultraviolet fixed point in any direction, so that it is not so stable as to "GL-type" and "VM-type". To summarize, we found that the chiral symmetry restoration in the GHLS required through the matching to QCD can be realized only if the masses of ρ and A 1 mesons vanish at the restoration point:
and that the mass ratio flows into one of the following three fixed points:
In Ref. 1 we studied the strength of the direct γ-π-π coupling, which measures the validity of the vector dominace (VD). We have shown that, g γππ → 0 for the GL-type, g γππ → 1/2 for the VM-type and g γππ → 1/3 for the Hybrid-type. This strongly affects to the understanding of the experimental data on dilepton productions based on the dropping ρ.
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